Hydrophobic substitution mutations in the S4 sequence alter voltage-dependent gating in Shaker K+ channels.
Voltage-activated Na+, Ca2+, and K+ channels contain a common motif, the S4 sequence, characterized by a basic residue at every third position interspersed mainly with hydrophobic residues. The S4 sequence is proposed to function as the voltage sensor and to move in response to membrane depolarization, triggering conformational changes that open the channel. This hypothesis has been tested in previous studies which revealed that mutations of the S4 basic residues often shift the curve of voltage dependence of activation along the voltage axis. We find that comparable or larger shifts are caused by conservative substitutions of hydrophobic residues in the S4 sequence of the Shaker K+ channel. We suggest that the S4 structure plays an essential role in determining the relative stabilities of the closed and open states of the channel.